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CONJUGATES OF BIOLOGICALLY STABLE POLYMERS 
AND POLYNUCLEOTIDES FOR TREATING 
SYSTEMIC LUPUS ERYTHEMATOSUS 

10 

Description 

Technical Field 

This invention relates to compositions for 

15 treating the autoimmune disease systemic lupus 

erythematosus (SLE or "lupus") . More particularly it 
relates to conjugates of biologically stable polymers, 
preferably copolymers of D-glutaraic acid (represented 
herein by the single letter designation "E") and D-lysine 

20 (represented herein by the single letter designation "K"), 
and certain polynucleotides that have been found to be 
effective for inducing tolerance to autoantigens involved 
in SLE. The preferred copolymers are represented herein 
by the designation " D-EK . " 

25 

Background 

"Immune tolerance" describes the mechanism lead- 
ing to the very long-lived and often permanent form of 
immune suppression that keeps individuals from reacting 

30 with their own tissues. It is believed that immune toler- 
ance to self -antigens (autoantigens) is normally 
established during neonatal development and persists 
throughout an animal's life. Not surprisingly, however, 
this scheme is sometimes imperfect and some individuals, 

35 typically later in life, acquire autoimmune diseases. One 
such disease is SLE. It is characterized by the produc- 
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tion of autoantibodies to the individual's DNA, and 
results in the progressive inflammatory degeneration of 
the kidneys. 

SLE is typically treated by administration of 
5 broad spectrum, nonspecific immunosuppressants such as 

cyclophosphamide or prednisone. Because these drugs Often 
suppress all aspects of the immune system, they suppress 
its required and beneficial functions as well as the mal- 
function causing SLE. Thus, they must be administered 

10 with extreme caution and are not always appropriate to 
manage the disease on a continuing basis. Furthermore, 
individuals who are generally and severely 
immunosuppressed by drug treatment are at risk for other 
complications, especially infectious diseases. 

15 A preferable approach to SLE treatment would be 

to administer a drug that is capable of reestablishing 
immune tolerance to the autoantigens involved in SLE 
without affecting the normal functions of the immune 
system. Unfortunately, there is no current way of treat- 

20 ing SLE, or for that matter any autoimmune disorder, that 
is benign and specific to the disease-associated 
autoantigens. The conjugates of the invention are a means 
for providing such treatment for SLE. 

Benacerraf, Katz, and their colleagues 

25 investigated and described the use of conjugates of D-EK 
with haptens and various antigens to induce specific im- 
mune tolerance. Their initial studies involved conjugates 
of the synthetic hapten 2 , 4-dinitrophenyl (DNP) in guinea 
pigs and mice and showed that the conjugates could induce 

30 tolerance to DNP. These initial studies were extended to 
other haptens /antigens such as ragweed antigen E and 
benzylpenicilloyl (BPO) . See U.S. Pats. Nos. 4,191,668 
and 4,220,565. 

U.S. 4,191,668 (Example IV) describes the 

35 preparation of conjugates of D-EK and oligonucleotides 
isolated from DNAse 1-digested calf thymus DNA, The 
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oligonucleotides were characterized as being composed of 
"fewer than 10 nucleotides." Although column 11 of 
U.S. 4,191,668 indicates that its invention has 
therapeutic value for treatment of autoimmune disease and 
5 mentions SLE, no data are presented on the immunological 
effects of the mentioned D-EK-oligonucleotide conjugates. 

Katz and his colleagues also investigated the 
potential of nucleoside-D-EK conjugates to induce toler- 
ance to nucleic acid determinants. Eshar et al. 

10 J. Immunology (1975) 114:872-876. In this regard the 
individual nucleosides are widely believed to be the 
principal determinants of specificity in lupus antisera. 
They administered conjugates of D-EK copolymer and four 
ribonucleosides to SJL or Balb/c strain mice and 

15 subsequently immunized the treated mice with a keyhole 
limpet hemocyanin (KLH)-ribonucleoside conjugates. In 
both strains the anti-nucleoside antigen binding capacity 
of the sera dropped to barely detectable levels. While 
these studies showed such conjugates could produce immune 

20 tolerance to nucleosides, they did not show such 
conjugates to be effective in treating SLE . 

Other investigators have studied conjugates of 
nucleosides or DNA with other carriers. Borel et al . 
(Science (1973) 182:76) evaluated the ability of isogenic 

25 mouse IgG-nucleoside conjugates to reduce the antibody 
response to denatured DNA in young animals of the NZB 
mouse strain. This strain is used as a model for some 
autoimmune phenomena. They tend to produce antibodies to 
nucleic acid determinants which form immune complexes that 

30 lodge in the kidneys and lead to glomerular nephritis. In 
these studies the treated animals produced significantly 
reduced levels of anti-denatured DNA antibodies and 
exhibited less membranous glomerulonephritis than control 
and free nucleoside-treated animals, m separate studies 

35 Parker et al. ( J. Immunol. (1974) U3:292) evaluated the 
effect of denatured DNA conjugated to poly-D-lysine and/or 
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cyclophosphamide on the progression of the above -described 
syndrome in NZB mice. These studies demonstrated a 
significant increase in survival and a significant 
decrease in DNA binding capacity for treated animals as 
5 compared to controls. Neither of these studies , however, 
were directed to producing tolerance to dsDNA which ap- 
pears to be principal autoantigen involved in human SLE. 

In a later article ( Ann NY Acad Sci (1986) 
475 :296-306) Borel et al. suggest that the realization of 
10 specific immunotherapy for SLE has been hampered by "an 

inability to link DNA fragments to soluble protein." Cit- 
ing prior work by Stoller ( Papalian et al . , J Clin Invest 
(1980) 65:469 and Stoller and Papalian, J Clin Invest 
(1980) 66:210), the authors state that a minimum size of 
15 at least 10-40 base pairs of DNA is necessary to bind 
anti-DNA antibody made in SLE patients. The article 
describes oligonucleotide-immunoglobulin conjugates made 
by linking a native DNA fraction "somewhat larger than 10 
base pairs" using glutaraldehyde as a linking agent. 
20 Figure 2 of the article describes the studies used to 

select the DNA fraction. That figure reports the reactiv- 
ity of the various DNA fractions linked to sheep red blood 
cells via glutaraldehyde with anti-DNA antibodies in BWF X 
sera. In those tests the fraction designated "70-80" was 
25 the most reactive. The size of that fraction is described 
as being "somewhat larger" than fraction 81-101 which cor- 
responded to "about 10 oligonucleotides." The next larger 
fraction to 70-80 , designated n 40-69 exhibited 
significantly reduced reactivity relative to fraction 70- 
30 80. It will be appreciated that the fraction "somewhat 
larger than 10 base pairs" is heterogeneous in size and, 
because of the linking procedure, is linked to the 
immunoglobulin at a random site on the chain. Further- 
more, because a bifunctional linking agent is used it is 
35 likely that some degree of cross-linking occurred in the 
coupling reaction. Thus, the conjugate described in this 
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article is not a chemically defined moiety in the sense 
that (a) the length of the oligonucleotide is not 
specified, (b) the oligonucleotide fraction contains 
chains of varying length, (c) the site of attachment to 
the immunoglobulin along the oligonucleotide chain length 
is random, (d) there is some degree of cross -linking, and 
e) unconjugated but cross-linked oligonucleotides could 
not be separated from conjugated material. 

Borel et al. have recently ( J Clin Invest (1988) 
82:1901-1907) reported in vitro studies using conjugates 
of human immunoglobulin linked to either total DNA digest 
(designated N 10 _ 100 ) or a 20-30 base pair fraction 
(designated N 20 _ 3Q ) using glutaraldehyde as a coupling 
agent. The conjugates were reported to exhibit 
15 tolerogenic properties in vitro on PBLs from SLE patients . 
These conjugates, however, like those reported in their 
1986 article, are also produced with heterogeneous 
mixtures of oligonucleotides using methods that produce 
non-specifically cross-linked networks. Hence, neither 
the chemistry nor the biological activity of these 
conjugates would be sufficiently reproducible to permit 
them to be approved as pharmaceuticals. 



20 



25 



30 



35 



Disclosure of the Invention 

In contrast to the above described art ap- 
plicants have developed chemically defined conjugates of 
biologically stable polymers and polynucleotide duplexes 
that are tolerogens for human SLE. These duplexes are 
defined with respect to length, site of attachment to the 
polymer, helical structure, and binding affinity to human 
SLE anti-dsDNA autoantibodies. Accordingly, their 
chemistry and tolerogenic activity are reproducible to a 
degree that makes these conjugates amenable to quality 
control and approval as pharmaceuticals. 

Thus, one aspect of the invention is a conjugate 
of a biologically stable polymer and a multiplicity of 
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polynucleotide duplexes of at least about 20 base pairs 
each bound to the polymer, significant binding activity 
for human SLE anti-dsDNA autoantibodies . In a preferred 
embodiment of these conjugates, the duplexes are 
5 substantially homogeneous in length and are coupled to the 
polymer at or proximate (i.e. within about 5 base pairs) 
one of their ends such that .each duplex forms a pendant 
chain of at least about 30 base pairs measured from the 
site of attachment of the duplex to the polymer to the 

10 free end of the chain. 

Pharmaceutical compositions containing these 
conjugates and methods for treating SLE that employ these 
conjugates are other aspects of the present invention. 

Still another aspect is a conjugate of (a) a 

15 biologically stable polymer and (b) a multiplicity of 

polynucleotide duplexes each and all of which is bound to 
the polymer by a functional group located at or proximate 
a terminus of one of the strands of the duplex , said 
conjugate being a human SLE tolerogen. 

20 A further aspect of the invention is a method 

for making the conjugates described above comprising: re- 
acting a multiplicity of single-stranded polynucleotides 
each of which is at least about 20 nucleotides in length 
and has a functional group at or proximate one of its 

25 termini that reacts with free amino groups on the polymer 
to form a conjugate and annealing complementary single- 
stranded polynucleotides to the single-stranded 
polynucleotides conjugated to the polymer to form pendant 
chains of double-stranded DNA. 

30 

Brief Description of the Drawings 

Figure 1 is a graph of data obtained from the 
tests described in Example 1. 

Figures 2 and 3 are reproductions of the CD 
35 spectra described in Example 3. 
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Figure 4 is a graph comparing the SLE antisera 
binding capabilities of DNAs having different types of 
helical configuration. 

Figures 5-8 are graphs of data obtained from the 
5 tests described in Example 5. 

Modes for Carrying Out the Invention 

The polymer component of the conjugate is bio- 
logically stable; that is, it exhibits an in vivo excre- 

10 tion half-life of days to months. These polymers are also 
substantially nonimmunogenic (i.e., they exhibit no or 
only mild immunogenic ity when administered to animals) and 
are preferably composed of a synthetic single chain of 
defined composition. They will normally have an average 

15 molecular weight in the range of about 5,000 to about 
200,000, preferably 5,000 to 50,000. Examples of such 
polymers are polyethylene glycol, poly-D- lysine, polyvinyl 
alcohol, polyvinylpyrollidone, immunoglobulins, and D-EK. 
Particularly preferred polymers are D-EKs having a 

20 molecular weight of about 5,000 to about 50,000 and a 
E:K mole ratio of approximately 60:40. 

The synthetic polynucleotide duplexes that are 
coupled to the biologically stable polymers are composed 
of at least about 20 bp, more usually at least 30 bp, 

25 typically 30-250 bp, and preferably 50-150 bp. Preferably 
the duplexes are substantially homogeneous in length; that 
is, the variation in length in the population will not 
normally exceed about +20%, preferably +10%, of the 
average duplex length in base pairs. They are also 

30 preferably substantially homogeneous in nucleotide 

composition; that is, their base composition will not vary 
more than about 10%. Most preferably they are entirely 
homogeneous in nucleotide composition. In terms of 
composition, the preferred synthetic or recombinant dsDNA 

35 is preferably composed of strands of complementary 
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rep ating mer units of 2-4 bases (i.e., a repeating dimer, 
trimer or tetramer) such as 

(AC) n (dimer) 
5 (TG) n 

(TAC) n/ (trimer) 
(ATG) n , 

10 (GCTA) n „ (tetramer) 

(CGAT) n „ 

where n, n' and n" are integers selected to provide the 
desired number of base pairs. Polynucleotides composed of 
15 isomeric dimers, e.g. , poly d(AC) :poly d(GT) and poly 
d(AG):poly d(CT) are most preferred. 

Based on circular dichroic (CD) spectra 
interpretation, it is believed that the duplexes that are 
useful in the invention assume a B-DNA type helical 
20 structure. It should be understood that it is not 

intended that the invention be limited by this belief and 
that the duplexes may, upon more conclusive analysis 
assume Z-DNA and/or A-DNA type helical structures. B-DNA 
forms right-handed helices having base pairs nearly 
25 perpendicular to the long helical axis of the other two 
types of DNA helices. The helical structures of the 
different types of DNA may be characterized by the 
circular dichroic (CD) spectra. The CD spectra of the B 
form of DNA exhibits (1) positive dichroic bands 
associated with right-handed helicity in the portions of 
the spectrum below 250 nm but separated from the positive 
long wavelength dichroic band above 206 nm by a 
significant minimum at a wavelength between 240 and 
260 nm, and (2) a broad singlet peak above 250 nm with a 
35 maximum blue shifted relative to the maxima seen in 

spectra of the A forms of RNA and DNA and centered at a 



30 
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wavelength between 270 and 290 run. By way of general 
comparison of the other two helical forms of DNA, Z-DNA is 
distinguished by its tight left-handed helical twist with 
base pairs not positioned symmetrically around the helical 
5 axis and A- DNA forms a more open, right-handed helix on 
which the base pairs are obliquely oriented to the long 
helical axis and are pulled away from the helix core. 

These polynucleotide duplexes may be synthesized 
from native DNA or synthesized by chemical or recombinant 

10 techniques. Naturally occurring or recombinantly produced 
dsDNA of longer length may be digested (e.g., 
enzymatically, chemically or by mechanical shearing) and 
fractionated (e.g., by agarose gel or Sephadex column) to 
obtain polynucleotides of the desired length. 

15 Alternatively, pairs of complementary single- 

stranded polynucleotide chains up to about 70 bases in 
length are readily prepared using commercially available 
DNA synthesizers and then annealed to form duplexes by 
conventional procedures. Synthetic dsDNA of longer length 

20 may be obtained by enzymatic extension (5 '-phosphorylation 
followed by ligation) of the chemically produced shorter 
chains . 

The polynucleotides may also be made by 
molecular cloning. For instance, oligonucleotides of 

25 desired length and sequence are synthesized as above. 

These oligonucleotides may be designed to have appropriate 
termini for ligation into specific restriction sites. 
Multiple iterations of these oligomers may be ligated in 
tandem to provide for multicopy replication. The result- 

30 ing construct is inserted into a standard cloning vector 
and the vector is introduced into a suitable 
microorganism/cell by transformation. Transf ormants are 
identified by standard markers and are grown under condi- 
tions that favor DNA replication. The polynucleotides may 

35 be isolated from the other DNA of the cell/microorganism 
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by treatment with restriction enzymes and conventional 
size fractionation (e.g., agarose gel, Sephadex column). 

Alternatively, the oligonucleotides may be 
replicated by the polymerase chain reaction (PCR) technol- 
5 ogy. Saiki, R.K, et al., Science (1985) 230:1350; Sacki, 
et al., Science (1988) 239:487; Sambrook, et al., In 
Molecula r Cloning Techniques: A Laboratory Manual , Vol. 
12, p 14.1-14.35 Cold Spring Harbor Press (1989). 

In contrast to the prior art conjugates, each 
10 polynucleotide duplex employed in the present invention 
exhibits significant binding activity with SLE antisera. 
Preferably, they are substantially homogeneous in length. 
In this regard the prior art polynucleotides were hetero- 
geneous in length and composed of a mixture of chains, 
15 some or all of which were too short to exhibit such activ- 
ity. Polynucleotides may be screened for binding activity 
with SLE antisera by the assays described in the examples. 
The modified Farr assay in which binding activity may be 
expressed as I 5Q (the polynucleotide concentration in 
20 molar nucleotides resulting in half -maximal inhibition) is 
a preferred assay. Polynucleotide duplexes having an I 5Q 
of less than about 500 nM, preferably less than 50 nM, are 
deemed to have significant binding activity and are, 
therefore, useful for making the conjugates of this inven- 
25 tion. 

The polynucleotides are bound to the polymer in 
a manner that preserves their binding activity. This is 
done by coupling the polynucleotide to the polymer at a 
predetermined site on the polynucleotide chain such that 

30 the polynucleotide forms a pendant chain of at least about 
30 base pairs measured from the coupling site to the free 
(unattached) end of the chain, in contrast, the 
glutaraldehyde coupling technique taught by the Borel et 
al. references causes coupling at random sites along the 

35 chain and cross-linking. Thus, using that technique, 

chains of greater than 20 base pairs may be coupled at an 
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intermediate site on the chain to form pendant chains of 
substantially less than 20 base pairs in length or chains 
may be coupled together to form cross-linked networks of 
undefined size. 

Preferably the polynucleotide duplexes of the 
invention conjugates are coupled or conjugated to the 
polymer at a site at or proximate one of their ends. 
Several conjugation strategies are available for so at- 
taching the oligonucleotides to the biopolymer. The 
polynucleotide may be coupled to the polymer at the 3 ' end 
of the polynucleotide via a morpholino bridge formed by 
condensing an oxidized 3' terminal ribose on one of the 
strands of the polynucleotide with a free amino group on 
the polymer and then subjecting the adduct to reducing 
15 conditions to form the morpholino linkage. Such coupling 
requires the polymer to have at least an equal number of 
free amino groups (e.g., the epsilon amino groups of D-EK) 
to the number of polynucleotide duplexes to be bound to 
the polymer. The synthesis of such a conjugate is carried 
20 out in two steps. The first step is coupling one strand 
of the polynucleotide duplex to the polymer via the 
condensation/reduction reaction described above. The 
oxidized 3' terminal ribose is formed on the single 
polynucleotide strand by treating the strand with 
25 periodate to convert the 3' terminal ribose group to an 
oxidized ribose group. The single-stranded polynucleotide 
is then added slowly to an aqueous solution of the polymer 
of about P H 6.0 to 8.0 at 2-8°C. The molar ratio of 
polynucleotide to polymer in all the conjugation 
strategies will normally be in the range of about 2:1 to 
about 30:1, preferably about 5:1 to 10:1. During or after 
the condensation reaction (normally a reaction time of 24 
to 48 hr), a strong reducing agent, such as sodium 
cyanoborohydride, is added to form the morpholino group. 
The complementary strand of the duplex is then added to 
the conjugate and the mixture is heated and slowly cooled 
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to cause the strands to anneal. The conjugate may be 
purified by gel permeation chromatography. 

Another strategy involves forming terminal 
aldehyde functionalities on the oligonucleotides and using 
5 those functionalities to couple the oligonucleotide to the 
polymer via amino groups thereon. Advantage may be taken 
of the fact that gem , vicinal diols, attached to the 3' 
end of the oligonucleotide, may be oxidized with sodium 
periodate to yield aldehydes which can condense with the 

10 amino groups of the polymer. When the diols are in a ring 
system, e.g., a f ive-membered ring, the resulting 
condensation product is a heterocyclic ring containing 
nitrogen, e.g., a six-membered morpholino or piperidino 
ring. The imino-condensation product is stabilized by 

15 reduction with a suitable reducing agent; e.g., sodium 
borohydride or sodium cyanoborohydride . When the diol is 
acyclic, the resulting oxidation product contains just one 
aldehyde and the condensation product is a secondary 
amine. 

20 The vicinal diol strategy also may be followed 

for 5 '-terminal linkers. This is accomplished by making 
cyanoethylphosphoramidite derivatives of a third hydroxy 
group on a triol, where the remaining hydroxy groups are 
vicinal; e.g., 3,4-cis dihydroxy, 1-hydroxymethylcyclo- 

25 pentane. In this specific case, the vicinal dihydroxy 
groups are blocked with dimethyls ilane, and the primary 
hydroxy group is derivatized with 2-cyanoethyl-N, N-diiso- 
propylchlorophosphoramidite . The resulting derivative is 
used in the last step of standard oligonucleotide 

30 synthesis, and becomes the 5-terminal residue. After 
deblocking the oligonucleotide and removing the 
dimethylsilyl group with fluoride ion, acid, or base, the 
vicinal diol can be oxidized with periodate and condensed 
with amine groups as above. A similar strategy could be 

35 followed for acyclic triols to be used as 5 '-terminal 
linkers . 
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Another procedure involves introducing 
alkylamino or alkylsulfhydryl moieties into either the 3' 
or 5' ends of the oligonucleotide by appropriate 
nucleotide chemistry, e.g., phosphoramidate chemistry. 
5 The nucleophilic groups may then be used to react with a 
large excess of homobifunctional cross-linking reagent, 
e.g., dimethyl suberimidate, in the case of alkylamine 
derivatives, or an excess of heterobif unctional cross- 
linking reagent, e.g., m-maleimidobenzoyl-N- 

10 hydroxysuccinimide ester (MBS) or succinimidyl 
(4-iodoacetyl) aminobenzoate (SIAB), for the 
alkylsulfhydryl derivatives. Once excess cross-linker is 
removed, the oligonucleotide derivatives are reacted with 
amino groups on the polymer. 

15 Still another strategy employs modified 

nucleosides . Suitable deoxynucleoside derivatives can be 
incorporated, by standard DNA synthetic chemistry, at 
desired positions in the oligonucleotide, preferably on 
the 5' or 3' ends. These nucleoside derivatives may then 

20 react specifically and directly with alkylamino groups on 
the polymer. Alternatively, side reactions seen with the 
above-described dialdehyde chemistry, such as amine 
catalyzed beta-elimination, can be circumvented by employ- 
ing appropriate nucleoside derivatives as the 3' terminus 

25 of the chain to be attached. An example of this is 5 r 
methylene extension of ribose? i.e., a 5' (2- 
hydroxyethyl ) - group instead of a 5' hydroxymethyl group. 
An alternative would be to use a phosphonate or 
phosphinate linkage for the 3' terminal dinucleotide of 

30 the oligonucleotide to be attached to the polymer. 

The ability of the conjugates to act as SLE 
tolerogens and specifically suppress production of 
anti-dsDNA antibodies may be evaluated in the murine model 
described in the examples. 

35 The conjugates will normally be formulated for 

administration by injection, {e.g., intraperitoneally, 
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intramuscularly, etc.). Accordingly, they will typically 
be combined with pharmaceutically acceptable aqueous car- 
riers such as saline, Ringer's solution f dextrose solu- 
tion, and the like. The conjugate will normally 
5 constitute about 0.01% to 10% by weight of the formula- 
tion. The conjugate is administered to an individual in 
amounts sufficient to at least partially reestablish 
tolerance to the autoantigens causing SLE. Such amounts 
are sometimes herein referred to as "therapeutically ef- 

10 fective" amounts. The particular dosage regimen i.e., 
dose, timing and repetition, will depend upon the 
particular individual, and that individual's medical his- 
tory. Normally a dose of about 1 to 1000 ug conjugate/kg 
body weight will be given. Repetitive administrations may 

15 be required to achieve and/or maintain a state of immune 
tolerance . 

The following examples further illustrate the 
invention and its unexpectedness relative to the prior 
art. These examples are not intended to limit the inven- 
20 tion in any manner. 

Example 1 

Testing of Conjugates of D-EK and Individual Nucleosides 
As indicated previously, the development of the 

25 invention conjugates was preceded by tests that showed 

that conjugates of D-EK and individual nucleosides did not 
tolerize the anti-DNA response in the murine model for SLE 
( (NZB x NZW)F X strain mice). 

Lots of D-EK were obtained from BioMakor/Yeda 

30 (Rehovet, Israel). Their relative molecular weights were 
standardized against known globular proteins by HPLC gel 
permeation chromatography and the material was desalted 
and sized by exhaustive dialysis in 25 Kd cutoff tubing 
against 0.1M K 2 HP0 4 , pH 9.5. The material was then 

35 dialyzed twice against water. This material is stored in 
0.1M K2HPO4, pH 9.5 buffer at 4°C. The weight average 
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molecular weights of the products were determined by 
physical methods including sedimentation equilibrium, 
PAGE, and HPLC-GPC and low-angle scattering and found to 
be approximately 28,000. Amino acid analysis by acid 
5 hydrolysis showed the copolymer was 60% glutamic acid and 
40% lysine. 

Conjugates of the D-EK and riboadenosine, 
riboguanosine, ribocytosine and ribothymidine were 
prepared essentially as described in Eshar et al., j. imm. 
10 (1975) 114:872. A mixture of equal parts of each of these 
conjugates (designated nucleoside-D-EK) was used in the 
following tests . 

Two groups of 6, 17-week-old (NZB x NZW)F1 
female mice were injected i.p. with either saline or 1 mg/ 

15 mouse of nucleoside-D-EK each day for three days. Seven 
days later the mice were bled. Two weeks later the treat- 
ment was repeated. Seven days later the mice were bled. 
Sera from the first and second bleedings were tested for 
anti-ssDNA antibodies using the following antigen specific 

20 ELISA protocol. 

The ssDNA is immobilized in wells of polystyrene 
plates and is reacted with antibodies in the sera of lupus 
MRL (lpr/lpr) mice. The anti-ssDNA antibodies are visual- 
ized by addition of enzyme-linked antibodies specific for 

25 the isotypes of immunoglobulins bound to ssDNA on the 

plate. Subsequent addition of enzyme substrate results in 
a color reaction that is read in a spectrophotometer. 

The ssDNA is prepared from calf thymus dsDNA. 
The calf thymus dsDNA obtained commercially is treated 

30 with S-l nuclease to obtain homogenous dsDNA. The dsDNA 
is boiled for 5 min in a water bath and quickly cooled in 
an ice-water bath. Each ssDNA batch is prepared just 
before use in the experiment. 

Ninety six-well flat bottom plates are exposed 

35 to ultraviolet (UV) light overnight in a Steril Card Hood 
before use. The wells in the plates are coated overnight 
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at 4°C with 100 ul of ssDNA at a concentration of 1 ug/ml 
m saline containing 10 ug/ml methylated bovine serum 
albumin. The next morning, the plates are washed once in 
phosphate buffered saline (PBS) and are then blocked by 
5 placing 200 ul of 1% bovine serum albumin in PBS (PBSA) ii 
• each well for 45 min at 37°C. After blocking, the plates 
are washed twice in PBS and flicked dry. Then, 100 ul of 
serial dilutions of test and control sera diluted in 1% 
PBSA containing 0.5% Tween-20 are placed in appropriate 
10 wells. The plates are incubated for 1 hr at 37°c. Then 
these are washed 5 times in PBS and flicked dry followed 
by addition of one hundred microliters of alkaline 
phosphatase-conjugated goat anti-mouse (IgG, A and M) 
antibody. The plates are incubated for another hour at 
15 37 C The plates are washed 7 times in PBS and flicked 
dry. Then, 50 ul of 1-x enzyme substrate is added and 
plates are incubated at room temperature for 1/2 hr. The 
reaction is stopped by addition of 50 ul of 0.2M disodium 
hydrogen phosphate, pH 8.6. The optical density value at 
550 nm is determined for each well with a Titertek 
Spectrophotometer. 

The data are shown in Figure 1. As shown, the 
nucleoside-D-EK had no detectable effect on the anti-ssDNA 
titers in the mice. 



20 



25 



30 



35 



Example 2 

Testing of Polynucleotides for Bin d ing Activity with SLE 
Antisera 

In addition to the polynucleotides used in the 
invention conjugates, various other DNAs were prepared and 
tested for their binding activity with SLE antisera. 
These tests, described below, show that the reactivity of 
the polynucleotides of the invention conjugates was un- 
predictable and unexpected. 

Various single-stranded and double-stranded 
polynucleotides were prepared by chemical synthesis and, 
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where appropriate, enzymatic extension and/or annealing- 
Chemical synthesis of oligonucleotides was done on a 
Pharmacia Gene Assembler using a Cruachem adjustable 
column employing phosphite triester chemistry- The solid 
5 phase was 500-angstrom controlled-pore glass beads that 
were derivatized with the appropriate 3 ' -ribo or 
3 '-deoxynucleotide. The oligonucleotides were purified by 
simple dialysis. In the casie of oligonucleotides of 
length greater than 70 bases, individual strands were 

10 phosphorylated using ATP and rT4 polynucleotide kinase. 
After desalting on a Pharmacia PD10 column, the 
phosphorylated strands were covalently coupled using rT4 
DNA ligase. All strands shared a common CATG 5' end 
sequence that provided a unique sticky end. Where ap- 

15 propriate single strands were annealed to form dsDNA. 

Two assays were employed to determine the bind- 
ing of the polynucleotides with lupus antisera: (1) a 
modified Farr assay in which radiolabeled DNA is 
precipitated from solution after it is bound to antibody 

20 and (2) an ELISA. In the former 25 ul of each antiserum 
dilution were first prepared in Tris-buf fered saline (TBS, 
0.15M NaCl, 0.01M Tris, pH 7.5) containing 0.1 mg/ml human 
gamma globulin. These were diluted with 125 ul of TBS, 50 
ul of 125 I-dsDNA (Diagnostics Products Corp., Los Angeles, 

25 CA) was added to each sample, and the samples incubated at 
37°C for 1/2 hr. Then 500 ul of saturated (NH 4 ) 2 S0 4 was 
added r the sample was incubated at 4°C for 15 min and 
centrifuged. Radioactivity of the supernatant was 
measured in a gamma counter. Depletion of radioactivity 

30 from the supernatant was a direct measure of the antibody 
concentration in solution. In the ELISA, plate wells were 
coated at 4°C with 100 ul of dsDNA at 10 ug/ml in saline 
containing 10 ug/ml methylated BSA. The wells were washed 
with PBS and then blocked by placing 200 ul of 1% BSA in 

35 pes (PBSA) on each well for 45 min at 37°C. The plates 
were again washed with PBS. Then 100 ul of test sera 
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diluted in 1% PBSA containing 0.5% Tween 20 were added. 
For inhibition studies the inhibitor (e.g., 
polynucleotide) was also added. The plates were then 
incubated 1 hr at 37°C and washed with PBS. Alkaline 
5 phosphatase labeled goat antibody r 100 ul/well, was added 
and the plates incubated for another hr at 37°C. The 
plates were then washed , substrate was added, and the 
plates were incubated at room temperature for 1/2 hr. The 
reaction was stopped by adding disodium hydrogen phosphate 
10 and the plates were read with a spectrophotometer* 

Tables 1 and 2 below list, respectively, various 
single-stranded polynucleotides and double-stranded 
polynucleotides that did not inhibit significantly dsDNA 
binding by SLE auto-antibodies in these tests. 
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TABLE 1 

SINGLE-STRANDED NUCLEOTIDE HOMOPOLYMERS WHICH 
BELOW 500nM DID NOT SIGNIFICANTLY INHIBIT dsDNA 
5 BINDING TO MURINE (MRL) OR HUMAN SLE AUTO-ANTIBODIES 

composition n-mer composition n-mer 

A . Homopurines 

10 

poly d(G)n 1219* poly d(A)n 390* 
350* 60 
32 32 
22 22 
12 12 
6 6 

15 3 3 

B . Homopyrimidines 

poly d(C)n 329* poly d(T)n 229* 

60 60 
30 30 
24 22 
20 22 6 

12 3 
6 
3 

* Synthesized enzymatic ally, using rT4 DNA polymerase. 
Because the molecular weights are a distribution, the values 
of n for the enzymatically synthesized oligomers are a 
25 weight average number, estimated from the Sw,20 value of 
each . 



30 



35 
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TABLE 2 



EXAMPLES OF OLIGONUCLEOTIDE DUPLEXES UP TO 32 BASE PAIRS 
LONG WHICH BELOW 500 nM DO NOT SIGNIFICANTLY INHIBIT 
BINDING OF dsDNA TO MURINE (MRL) OR HUMAN SLE AUTOANT I S E RA 



5 

A. HOMOPOLYMERS 



10 



15 



Regular 

Examples: [A] 30 : [T] 30 , [G] 25 : [C] 25 , [I] 20 : [CJ 20 



B. HETEROPOLYMERS 

1. Self-Aligning 

Example: [G] 2 -[A] 1Q -[C] 2 : [G] 2 -[TJ 10 -[C] 2 

2. Repeating Dimers 

Examples: [AT] 16 : [AT] lg , [AC] 1Q : [6T] 10 

3 . Repeating Trimers 

Examples: [TTC]g : [GAAJ g , [TTG] Q : [CAA]g 
20 4 - Repeating Tetramers 

Example: (ACGT] g : [ACGT] g 



25 



30 



35 
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TABLE 3 

EXAMPLES OF OLIGONUCLEOTIDE DUPLEXES WHICH 
BELOW ABOUT 500 NM (I 5Q LESS THAN 500 NM) 
5 SIGNIFICANTLY INHIBIT BINDING OF dsDNA TO 

HUMAN SLE SERUM AND MURINE (MRL) SERUM 

Composition n Greater Than Oligomer Length 



10 d(AC) n : d(TG) n 

d(AT) n : d(TA) n 

d(IC) n : d(CI, n 

d(AC) n : d(TG) n 

d(AG) n : d(TC) n 

15 d(ATC) n : d ( GAT ) 

d(TAC)„ : d(GTA) 
n x 'n 



20 40 or greater 

20 40 or greater 

20 40 or greater 

20 40 or greater 

20 40 or greater 

15 45 or greater 

15 45 or greater 



Example 3 

20 Correlation of Binding Activity with CD Spectrum 

CD spectral measurements were carried out on 
poly ( AT) : poly (AT) of about 228 bp in length (exemplary of 
A-DNA), poly(GC) :poly(GC) of approximately 330 bp in 
length (exemplary of Z-DNA) salmon sperm DNA of average 

25 length greater than 1200 bp (an example of native DNA hav- 
ing a B-DNA type helical configuration) and the 
(AC) 3Q : (TG) 3Q duplex described above. SLE antisera bind- 
ing assays on these oligonucleotides and DNA were carried 
out using the modified Farr assay as above. 

3° All DNAs and oligonucleotides were dissolved in 

standard buffer (0.15M NaCl, 0.01M sodium citrate, pH 7.0) 
and their relative abilities to bind to H-SLE autoimmune 
sera were compared to their respective capacities to 
absorb right- and left-hand circularly polarized 

35 monochromatic light (CD spectroscopy) . Serological data 
are expressed as ability to inhibit dsDNA binding to the 
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sera; spectra are presented as molar ellipticity per 
nucleotide residue: 

[d] = 100 /c.L 

5 

where 0 is the observed ellipticity in degrees, L is the 
cell pathlength in cm and c is the concentration in moles 
of nucleotide per liter. 

Figure 2 shows the CD spectrum of the 

10 poly(AT) :poly(AT) . 

Figure 3 shows the CD spectra of the 
poly(GC) :poly(GC) (solid line interrupted with solid 
circles), the salmon sperm DNA (dashed line)/ and the 
(AC) ^q 2 (TG) 2Q duplex (solid continuous line). 

15 Figure 4 shows the relative capacities of the 

different forms of DNA to bind SLE antisera. As shown the 
synthetic B-type DNA had similar reactivity to native 
B-type DNA (calf thymus DNA was used) and substantially 
greater reactivity than either A- type or Z-type DNA. 

20 (Helical typing was characterized by CD spectra and, as 
indicated above, may not be conclusive,) 

Example 4 

Synthesis of (AC) j q : (TG) j Q -D-EK Conjugate 
25 Based on binding activity and stability the 

(AC) : (TG) 2Q duplex described above was selected for 
tolerogenic studies. A conjugate of this duplex and D-EK 
copolymer was prepared using the preferred synthesis 
procedure outlined above. The details of this synthesis 
30 follow. 

D-EK copolymer, G:L mol ratio 60:40, 
MW avg =30,000 daltons was prepared from material obtained 
from BioMakor, Rehovet, Israel. This copolymer was 
dialyzed against 0.1M KHC0 3 , pH 9.5, in dialysis tubing 
35 with a molecular weight cutoff of 25,000 daltons to a 
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final concentration of 20 mg/ml as determined by 
absorbance at 220 nm in a 1 cm cuvette, where 

A 220 ( 30 ' 000 mg/mmol) 

5 D-EK mg/ml » 

(168,000 mL/cm mmol) 

(AC) 3Q was synthesized on a DNA synthesizer and 
dialyzed against deionized water in dialysis tubing with a 
1Q molecular weight cutoff of 12,000-14,000 daltons. The 

resulting solution is adjusted to a final concentration of 
35 mg/ml as determined by absorbance at 260 nm in a 1 cm 
cuvette, where 



15 ^60 ( 18 ' 106 mg/mmol) 

(AC) 3Q mg/ml = ■ . 

(458,160 mL/cm mmol) 



20 



An aqueous solution of sodium periodate, 0.1M, and water 
was added to the (AC) 3() to give a reaction mixture having 
a 5:1 molar excess of periodate to DNA. The mixture was 
stirred well and then placed at 4°C for 15 min. Excess 
periodate was then precipitated by adding an excess of 
potassium chloride and the precipitate was removed by 
25 centrifugation. 

A solution of D-EK and sodium cyanoborohydride 
was pipetted into a polypropylene reaction vessel and the 
pH was adjusted to between 6.0 and 8.0. The oxidized 
(AC) 3Q was added dropwise to the D-EK in a weight ratio of 

30 6.035:1 (10:1 molar conjugation ratio) with vigorous stir- 
ring over 24-48 hours at 4°C. After condensation, solid 
sodium borohydride was added to the reaction mixture, with 
stirring, until a final concentration of 1.0 mg/ml was 
reached. The reaction vessel was loosely capped and was 

35 allowed to stand, unstirred, for at least 30 min. The 
reaction mixture was then transferred to dialysis tubing 
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with a 50 , 000 dalton cutoff and was dialyzed extensively 
against 0.2M sodium citrate, pH 5,0, at 4°C. 

The conjugate was then purified on a Sephacryl 
S-200 gel permeation chromatography column in 0.2M sodium 
5 phosphate, 0.5M sodium chloride, pH 7.2. Fractions were 
analyzed for oligonucleotide concentration by C^gQ, and 
for D-EK concentration by a trinitrobenzene sulfonate as- 
say (Albers, R.W. , et al. r Analyt Biochem (1983) 137:437- 
443). Separation of the conjugate from free 

10 oligonucleotide was assessed by P-kinase labeling of the 
5 f hydroxyl on the oligonucleotide strand, followed by a 
10% polyacrylamide, 8M urea sequencing gel and 
autoradiography. The gel was cut and counted on a liquid 
scintillation beta counter, and those fractions exhibiting 

15 > 95% purity were pooled and dialyzed against 0.01M sodium 
citrate, 0.15M sodium chloride, pH 7.0 (formulation 
buffer) in preparation for annealing. 

(TG) 3Q was prepared as described above and 
dialyzed against formulation buffer in the same manner as 

20 (AC) 3Q . The molar nucleotide concentration (MNC) of 

(TG) 3Q was determined by measuring the absorbance at 260 
nm in a 1 cm cuvette: 

MNC (TG) 3Q = A 260 ^(9164 mL/cm mmol). 

25 

The MNC of the (AC ) 3Q -D~EK conjugate was 
determined by measuring the absorbance of the dialyzed 
solution at 260 nm: 



30 MNC (AC) 3Q -D-EK = nm /( 7 636 mL/cm mmol). 

(TG) 3Q was then annealed to the (AC 3 q-D-EK 
conjugate as follows. An equal MNC of (TG) 3 q was added to 
the limiting reagent of (AC) 3Q -D-EK in a polypropylene or 
35 glass container. The mixture was heated to >95°C in a 
water bath, which was maintained between 95° and 98°C for 
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10 min- The solution was then cooled slowly to room 
temperature at the rate of < 10°/hour. 

The annealed product is dialyzed against 
formulation buffer in dialysis tubing with a molecular 
5 weight cutoff of 50,000 daltons. After extensive 

dialysis, the final conjugate is sterile-filtered through 
a 0.22 um membrane. It is characterized by uv 
spectroscopy, high performance gel permeation liquid 
chromatography, polyacrylamide gel electrophoresis and 
10 thermography before sterile-filling. 

Example 5 

Testing of ( TG) 2Q ; ( AC) 3Q -D-EK Conjugate as a Tolerogen 

The (TG) 3() :(AC) 30 -D-EK conjugate described above 

15 was tested in the MRL (lpr/lpr) murine model for human 
SLE. A genetic defect in this mouse strain leads to 
hyperproliferation of helper T cells that, in all likeli- 
hood, participate in autoreactive B-cell differentiation. 
This results in secretion pf autoantibodies to DNA as well 

20 as. a plethora of other autoantibodies. As indicted previ- 
ously, antibodies to dsDNA are a hallmark of human SLE and 
their presence correlates well with disease severity and 
renal pathology in humans. 

The conjugate was diluted in saline to desired 

25 concentration for i.p. injection into mice. Four groups 
of five 12- to 14-week-old mice each were used. The mice 
were bled in the morning on day 1 and injected in the 
afternoon. Thereafter the mice were bled in the morning 
and injected in the afternoon each week for five more 

30 weeks. At weeks 6 and 7 the mice were only bled. Group 1 
(control) was injected with 0.3 mg D-EK copolymer/week/ 
mouse; Group 2, with 0.1 mg of the conjugate/week/mouse; 
Group 3, with 0.3 mg of the con jugate /week/mouse; and 
Group 4, with 1.0 mg of the conjugate/week/mouse. 

35 The plasma samples collected from the mice were 

diluted 1:10 and 1:50 in Tris buffer (0.1M, pH 7,4) and 
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used in the modified Farr assay described above using 3 H- 

125 

dsDNA instead of J I-dsDNA to determine the anti-dsDNA 

antibody titer of the samples- The data obtained in the 

modified Farr assay were converted into antigen binding 

5 capacity and are depicted in Figure 5 (the conjugate is 

designated LJP-105). 

Four weeks after termination of treatment , two 

mice from each group and one remaining mouse from the 

control group were sacrificed and levels of secretion of 

10 anti-dsDNA antibodies in each group were determined in a 

6 4 

spleen cell ELISA where 1 x 10 to 1.5 x 10 spleen cells 
in doubling dilutions were placed in each well. The 
results of those tests are reported in Figure 6 . 

A trial of the conjugate was also carried out in 

15 older MRL mice, aged 22 to 24 weeks, Again f the mice were 
dosed i.p. once a week, for four weeks. The serological 
levels of anti-dsDNA were determined after the month of 
treatment, and were compared to the prebleed values 
obtained at the start. These data, expressed as a percent 

20 change in antigen binding capacity (ABC) for individual 
mice, are shown in Figure 7. Figure 7a shows the mean 
data from these tests. The variability in mice per dosage 
group (conjugate: 0.01, 0-1, 0.3 and 1.0 mg/mouse; control 
mice received a mixture of polymer carrier and 

25 unconjugated nucleic acid surrogate) reflects the deaths 
during the experiment. 

Data from the spleen cell assay from the 
therapeutic experiment are presented in Figure 8, again 
demonstrating a significant difference between control and 

30 con jugate- treated mice, and confirming the previous 
serological results. As a control experiment, it was 
shown that soluble dsDNA inhibited the spleen cell assay. ? 
Additionally, adding spleen cells from polynucleotide- 
treated animals to control spleen cells did not decrease * 

35 the color; rather, the effect was additive, thus ruling 
out that cell-bound conjugate was inhibiting the assay. 
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Finally, it was shown that the conjugate may be 
efficacious by i.p., i. m . and i.v. routes. Twenty-two- 
week, female MRL mice were closed with 0.1 mg of conjugate 
per week for four weeks, and the percent change in 
5 antigen-binding capacity for anti-dsDNA measured. 

Although the control mice did not increase as much as has 
been seen with other experiments, there were significantly 
higher titers of anti-dsDNA in subcutaneous ly dosed mice 
on the one hand, and mice dosed with the conjugate by 
10 i-P-' i.m. or i.v. routes on the other. 



15 



Example 6 



This example illustrates alternative procedures 
for making the ( AC) 3Q : (TG) 3Q -D-EK conjugate. 



Cloning of 60-mers 

Molecular cloning is used to make 60-mers by the 
following protocol. A 64-mer consisting of the sequence 
5 'AATTC(GT) 2gG3 ' and a second 64-mer of the sequence 

20 5'TCGAC(AC) 2g G3' are synthesized and phosphorylated by 
standard methods. The oligomers are mixed in equal molar 
ratios and slow cooled to allow duplex formation and 
oligoraerization to occur. The overhangs of the oligomers 
are annealed by virtue of the 4 base overlap of the first 

25 oligomer creating an EcoRl site and the second overhang a 
Sail site (same as Hindi site). After slow cooling, the 
mixture is ligated by standard methods to form an oligomer 
of covalently attached 60-mer units separated by either an 
EcoRl or Sail site. The oligomer mixture is ligated into 

30 pUC19 which had been previously digested with EcoRl and 
Sail. The ligation mixture is introduced into E. coli 
JM107 by transformation. 

Ampicillin resistant colonies are picked, grown 
and plasmid DNA isolated. Insert size is determined by 

35 restriction digest. The desired clone has an insert which 
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comprised at least one-half the plasmid or >50 60-mer 
units . 

The resulting clone is grown in large scale and 
plasmid isolated. The plasmid is digested with EcoRI and 
5 Hindi to release 60-mer with a 4 base EcoRI overhang and 
a blunt end at the opposite end generated by Hindi. The 
oligomers are purified and annealed to D-EK which has the 
4 base oligomer 3'TTAA-P with a 5' phosphate covalently 
attached to D-EK through the 3'T. The 60-mers are an- 
10 nealed and covalently attached to the D-EK/TTAA by ligase. 

PCR Production of 60-mer 

The polymerase chain reaction is used to 
synthesize 60-mer for coupling to D-EK by the methods 

15 described in the references cited above. 

Briefly, (GT) 3Q is chemically synthesized with 
short random sequences such as GACT and CTGA at the 5 ' and 
3 f end of (GT) 3Q , respectively (as illustrated below). 
The short random sequences are long enough to ensure 

20 proper register of the primer to the template. The primer 
contains the sequence of the random sequence plus several 
extra GT repeats as needed for stability in the annealing 
reaction. One of the primers also has an extra modified 
base at the 5' end, which allows chemical coupling to 

25 D-EK. 

The PCR reaction is carried out for at least 20 
cycles according to the methods cited above. The 
oligomers produced by PCR are purified by chromatography, 
such as HPLC, and then conjugated to D-EK by one of the 
30 procedures described above. 



35 
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TEMPLATE 1: 

PRIMER 2: 
5 TEMPLATE 2: 

*N = modified base for 
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n (CA)-GACT5' 

5 ' *NGACT- ( GT) 3Q -CTGA3 ' 

5'*NGACT-(GT) 

3 ' CTGA- ( CA) 3 Q -TACG5 ' 

D-EK coupling 
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Claims 

1. A conjugate of (a) a biologically stable 
polymer and (b) a multiplicity of polynucleotide duplexes 

5. of at least about 20 base pairs each bound to the polymer, 
said duplexes each having a significant binding activity 
for human systemic lupus erythematosus anti-dsDNA 
autoantibodies . 

2. The* conjugate of claim 1 wherein the bio- 
logically stable polymer is a copolymer of D-glutamic acid 
(E) and D-lysine (K) having a molecular weight of about 
5 f 000 to 50,000 and a E:K mole ratio of approximately 
60:40. 

3- The conjugate of claim 1 or 2 wherein the 
duplexes are substantially homogeneous in length. 

4. The conjugate of claim 3 wherein the 
20 duplexes are substantially homogeneous in nucleotide 
composition. 



10 



15 



5. The conjugate of claim 1, 2, 3 or 4 wherein 
the duplexes are 30 to 250 bp in length. 

25 

6. The conjugate of claim l f 2, 3, 4 or 5 
wherein the duplexes are bound to the polymer at or 
proximate one of their ends. 

30 7. The conjugate of claim 6 wherein the 

duplexes are bound to the polymer via reaction between a 
functional group at or proximate a terminus of one strand 
of the duplex and free amino groups on the polymer. 

35 8. The conjugate of claim 1, 2, 3, 4, 5, 6 or 7 

wherein the polynucleotide duplexes are composed of 
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complementary repeating mer units of 2 to 4 different 
bases . 

9. The conjugate of claim 8 wherein the 
5 polynucleotide duplexes are: 

poly d(GC):poly d(CG); poly d(AT):poly d(TA); 
poly d(IC):poly d(CP); poly d(AC):poly d(TG); or 
poly d(AG):poly d(TC) . 

10 10 • The conjugate of claim 1 or 2 wherein the 

polynucleotide duplex is (AC) 3Q : (TG) 3Q . 

11. A pharmaceutical composition for treating 
lupus comprising the conjugate of claim 1, 2, 3, 4, 5, 6, 
7, 8, 9 or 10 formulated with a pharmaceutical^ 
acceptable injectable vehicle. 



15 
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25 



12. A single-stranded polynucleotide of at 
least about 20 bases having a functional group at or 
proximate one of its termini that will react with a free 
amino group and which, when annealed to a complementary 
single-stranded polynucleotide, has a significant binding 
activity for human systemic lupus anti-dsDNA 
autoantibodies . 

13. The single-stranded polynucleotide of claim 
12 wherein the single-stranded polynucleotide is composed 
of a repeating mer unit of 2 to 4 different bases. 

30 14 • A method for making the conjugate of claim 

1 comprising: 

(a) reacting a multiplicity of single-stranded 
polynucleotides of at least about 20 base pairs each, each 
of which has an amino-reactive functional group at or 
proximate one of its termini with free amino groups on the 
polymer to form a conjugate and 
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(b) annealing complementary single-stranded 
polynucleotides to the single-stranded polynucleotides 
conjugated to the polymer to form pendant chains of 
double-stranded DNA. 
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